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By Carl F. Schueller, CbraLd Hieaer,, and Morton ,Cooper 

A fm-8C&h 88lUiSp~ left-hmd horizontal t a i l  Surface Of 
a high-speed airplane conetructed..according to present-day 
production methods wa8 tested in the Langley ~6-foot high- 
speed tunnel. The burpoae of th i8  investigation was to determine 
the aerodpanic charactertstics of the horizontal tail at  high 
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egeede. The t e s t e  to determine the external preeeure distribution 
and balance-chamber pmaeures are In t h e  praceee of m a l y e l s  and 
will be presented in a la ter  report. 

SYMBOLS 

l i f t  coefficient 

pitching-moment coefficient 

drag of horizonte3 semiepan tail surface 

hinge mmnt of elevator 

l i f t  of horizontal semispan tail eurface . 
M,r/4 pitching moment about the quarter-chord pofnt of the 

mean aerodynamic chord . 

pressure coefficient (" iopo) 
a ta t i c  pressure at  any point, pounds per square foot 

denelty, sluge per cubic fee* 

span of model (7.5 ft) 

total area of horizontal ~lemispan tail surface, 
(24.13 6q ft) 

root mean square of the elevator chord aft of the hinge 
1Fne (0.975 ft) 

man aerodynamic chord (3.34 rt) 
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The matscripts outslde the prtreatheses represent the fmtore 
held conatesf in the deterntmt lon of the parameterer. 

e elevator 

t trim tab 

o free stream 

Test mobel.- The mdiel wa8 a full-axile  left-hand horizontaJ. 
tail surface of e high-meed airplane. The afrf'oil was a symnetrical 
section 10 percent thick havrzlg meucirnum thicknese at 4 0  percent of 
t h e  chard. Slnce a semlapan model was used, it was neceeeary to 
locate the center line of the horizontal tail surfaco in the plane 
of the tunnel wall to proauce air-flow  conditione appmxlmately 
correeponding to those of flight. Thie result was mcamplbhed 
by adding a 5-inch etub wing to the root aection of the tal 
mmf'&ce. The model waa i n e W e d  in the tunnel. in &n inverted 
position as shown in figure 1. Figure 2 and table 1 preeent t he  
physicetl c ~ t e r l e t l c e  of the tail eurface. 
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7500 revolutions  per  minute  which was used to  actuate  the  trim 
tab e 

Hinge-moment  measurenent.- The elevator  torque tube waB 
extended  through the tunnel flat and through two self-dining 
bearinge which were  mounted on the tunnel balance frame. The 
elevator hinge moments were traneferred through  the elevator 
torque tube to a 10-inch crank and then through & jack ecrew to 
a scale  platform. (See fig. 5 of reference 1 .) The platform 
scale was attached rigidly to the twnel balance frame; and since 
a l l  other related.paJrts w e r e  also attached to the ttmnel  balance 
frame, there w&s no  poselbility of t he  hlnge-moment measuremnta 
interfering  with t h e  lfft, drag, and pitching-mament  measurements. 
All force and rncBnent data  were  recorded  simultaneously. 

Elevator-We msat3uremnt.- The root elevator angle was 
determined by mean6 of an autoayn.  The  tranrrmitter was rtg1dl.y 
attached  to  the stabilizer rear spar et appmxhatelg th8 0-inch 
station (center line of  airglane) . A mall, pinion gear located 
an the  transmitter 8haf-t w a ~  driven by a large gear sector  which 
w a s  mounted rigidly to the elevator  torque tube, Thw a l l  elevator 
deflectfons were multiplied %x a zear ratio of 12:l. A ca3ibrated 
dial  provirled a continuous via& reading crf the indicated root  

, elemtor WJe. However, because of twist in the torque tube 
between  the root of the elevator (?-inch  station) and  the qear 
sector  (0-inch  ststion),  the  indicated angle was not the true 
elevator  root w e .  A correction  for  this t w i s t  vas determined 
etattcallg  and wae applied to the indicated elevator -e 88 the 
tests  were be- run. The zero rearling of the autosyn indicator 
was checked perioilically with a templet. This system  measured the 
elevator m o t  angle within .K] .lo. 

Trim-tab  m@e-rneaeurement.- The t;rim-.t;ab root .angles were 
detemined by m e w  of a slide-wire resietance position indicator 
wMch was fastened rigidly to the  elevator at approximately t h e  
5-inch  station. A8 the trim-tab angle changed,  the  position of 
the  pickup arm varied, changing the resistance in the circuit; the 
corresponding changes In current were .indicated  on a micPoammeter. 
The trimtab w m  calibrated  againat  the  microammeter reading 
and  this  caltbration was checked periodtcally. The trin-tab mot  
angles 8 r e  accurate  within iXl.25O. 

The variation in h-e-mcanent  coefficient Hith time' w a a  
determined by photogrqhing the hinge-moment  scale at 32 frames 
per second.  The trim-$.& angle at any given time wae then  deteMained 
from  these data and the bmic trim-tab  aerodynamic data. 
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Angle-of-attack measurement.- The angle of at tack was meaeured 
with an autoeyn set up simllar t o  the elevator  root angle indicator. 
The angle-of-attack  indicator  reading m e  chocked periodically 
during  the  tests by mane of an  inclincanetar. The 8tabiliZ9r root  
angles of at tack are accurate  within SI .05O. 

TESTS 

The general aerodynamic data were obtatned f o r  8 Mach nugker 
range from 0.20'to 0.63 for angles of a t tack a of -3O, -15 I 

Oo, $$ 3O, and 60.and for elevator deflecttons 6, of -170, 
-13O, - 6 O ,  a', - 2 O ,  Oo, 2 O J  Go, 6'; and 9'. Any ccmblnation 
of these  variable8 was Limfted by the maxirmrm allowable Load on 
ei ther  the Htabflizer, elevator, or t a i l  eurfaco a s  a uni t  based 
on three-fourth8 of the- design limit lmd .  The trfm-tab t e a t s  

were run for angles of a t tack of -I- Oo, aad 11 elevator 

angles of -5O, 00, and trlm-tab angles 8% of -16*, -8O, 0' 
and 8 O  and Mach numbers of 0.20, 0.40, and 0 ,&I. Additional 
tests were made to determine the r a t e  of change of trim-tab angle 
with  time. Them tes te  were conducted a t  a Mmh  number of 0.50, 
a tunnel  angle of attack of -lo, and an elevator angle of -5O 
from the  neutral  t o  the maximum poeitive and nemtive  tab awles, 
and a t  a Mach number of 0 .a, a tunnel angle of atLack of Oo and 
an elevatar angle of -5O from the  neutral  t o  the maximum positive 
ang negative tab angles. 

lo 0 

' 2  2' 

The data  presented in t h i s  r e p o r t  have been corrected f o r  
tunnel-wall effects  by the use of the reflection  plane  theory 
given, in reference 2; The projected frontal area of the model 
m8 amall in  cmparlson to the tunnsl  crom Election81 area EO 
that tunnel  constriction corrections were found to be negligible. 
Also, corrections  to  pitching mamont due to model and balance- 
frame deflection8 wore found t o  be negligible. 

The horizontal t a i l  eurface wae inetalled in the tunnel in 
an inverted  poeition,  but  the eigne of a l l  coefficients and angles 
are presented 80 that the  data may be applied  directly t o  the 
airplane  in  the usual s ~ p ~ e .  The.corrected data were croE& 
plotted and the faired values a t - s e l e c t e d  angles of attack, 
elevator angles, and trlm"t;ab angles were then p l o t t e d   a w i m t  



Mach number. The avwage t e a t  dynamic preee~rres and average tefft. 
Reynolds nunibere correspandfng to the t e e t  Mach numbers are shown 
Zn figure 4. The Reynolds number is baaed on the mean aerodynamic 
chord of 3.34 feet ,  The resul t8  we* generally plaeted again.~t 
Hach number rather. than velocity or drnamic premure because it 5 8  
considered likely that Mach number is the dcminating variable. The 
ePfecte shown tn these plots, however, are not entirely compressi- 
bi l i ty  effects  &e they &so include ahanggs due to distor t ion of 
the model under load. 

The rate of change of t m - t a b  angle with time was determined 
by reducing the photographed htnge-momant data to   coeff ic ient  form 
and using them in cmjmct i an  with the basic hinge-mo-t coefficient 
versus t rb- tab angle o m e s  for a noand.  d e v s t o r  angle of - 9 .  

Basic Data 

Effect of angle of  attack.- The variation of the lift 
coefficient, drag coefficient, and pitching-moment coefficient 
over a wide range of angle of attack i a  shown i n  figure 5 f o r  
elevator apgles of  Oo,tmd -10' a trim-tab angle of Oo, and a 
Mach qumber of 0.20 This f1-e shows that f o r  an elevator 
angle of 00, = 0.9 and C u  = 0.007. Thia minimum 
drag coefficient ie considered-b be satisfactorily low for a 
model of %is type of construction. 

Effect of Mach nkber.-  The variation of the drag coefficient, 
lift coefficient,  pitching-mmnt coefficient, and hinge-moment 
coefficient with Mach Iltzmber 'is presented in  figure 6 f o r  a test 
range of angle of at tack a a -3O to 6O azld elemtor angle 8, = .-17' 
to 9' . The drag coe f f io i en t   kc ra sed  with Mach number at all 
elevator angles and angles of attack, However, the increase was 
not l8,rge enough t0 indicate that the c r i t i c a l  speed had been 
attained. The liFt and pitching-momnt coefficzents do not 'increase 
at  all conditiolus as would be predicted 3s the, w e  of Glauert ' 8  

fac tor  (1 - M2) -'I2 . This result can be partially attributed t o  
elevator twist, stabiliz'er twist, o r  both. me elevator hinge- 
m m n t  coeffioient increased with Mach number throughout the range 
of t h e  te&s.  Tbe increase is more raptd than would be predicted 
by Ghuer t  ' 8  factor, probably because of structural deflections 

Figure 6 ( c )  &owe that  for an angle of a'ttack cc u Ob, 
elevator angle 6, t Oo, trim-bb m e  8~ = Oo, m d  M m h  

.. 



number M' = 0.2, t h e  lfft coefficiemt equals 0.02 and the hinge- 
moment coefficient equals -0.009. Since the a i r fo i l  section is 
eymnetrical, t h e m  values might indicate  discrepancies In the, 
t e s t  data. However, cloae examination of the d e l  indicated  the 
following conetruction  error8 which probably  account for the 
diecrepemy: The elevator trailing-edge angle varied from 13.6' 
t o  14.0° from root t o  t ip ,   the  elevator had a spanwise *viet of 
approximately 0.80, and the elevator lower surface had a cuep which 
at the 2o-inch etation was &inch deep and A-inch deep a t  the 
@-inch statim. The center of tha cuep wae located at approxi- 

16 
n t e l y  O o @ E e  and the length of the CUSP W&B 0.3OC', 0 

E f e o t  of Mach number .- The variation of % and CL~, wlth 

Mach number ie preeented In figure 7 and fndlcates that both 
pwameters  incream with increasing Mach rider. The incream of 

wtth Mach nurmber l e  somewhat greater than would be predicted 
y 1auert"s factor, and no c r i t i c e l  oond i t im  exiete up t o  Mach 

nmmber M = 0.68. Ayplication of? the Yomi-Owen mthd for first- 
order cmpressibiUty  effecte  on control hlnge-mamen+ coefficienta, 
whfch canaiate of refinements to Glauert's factor for models of 
f i n i t e  aepect ratfo, yields resu l t s  which differ d y  elightly 
from G l & u e r t '  a factor  for thfe model. F i g u r ~ 7  ehawa that the 

E% 

elevator  effectiveness which is defined &B c, . = decreased 

from 0.538 at a Mach number of 0.X) t o  0 .k15; at a Mach nwnber o f  0 '68, 

b%e 

however, it ahould be pointed out that a l a  decreeee in effective- 
ne88 fa cawed by the rapid lncrease In C h  and not a decrease 
i n  (2% wlth increasing Mach nmber. 

8 

Figure 8 presents  the  variatton of C and C with Mach hct 
nummber. The hinge-moment parameter increased more rapidly 

with i nd reae lng  Mach number than wculd be predicted by the m e  of 
Glauert's factor, while the parameter Cb lncreaeed lese ragi&* 
than would be predicted by Glawrt' B factor.  Thie  disagreement 
can be attributed i n  part to  structural deflections and t h O  
limitations of the thin a i r f o i l  theory upon which G l a w r t  ' 8  f w t o r  
Le based. 
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nore rapidly with Mach number than would be predicted by GZauer'b's 
factor while %e parmter (2% increased ad would be predict* ly .'' 
the use of Glauert ' e factor.  

Elevator Tritn-TEib Charmterietica 
_ .  

Effect of Mach number. - Figure 10 ehawe the effect 'of Mach . , 
number an the aerodynamic chetracterlstics of the tail .surf.ace 
for elevator  trim-tab angles of 80 t o  -160. The results' are 

given for angles of at tack of -15 , Oo, and 15 an8 elevator 
angles of -5', O0; and 5'. The dashed portion of the curves 
represent extrapolated data,. , 

lo 0 
, ,. 

Elevator  trfm-tab effectiveness may be defined e i ther  8 8  
* 

c 

Mach 
h% 

ase 1 '  

o r  - u - .. The variation, of ,these gmameters with 
. 88% , ' 

Figures 13 and 14 present t h e  variation of trim-tab an@.e 
~ t h  time from the neutral  to maxfmum negative  position for  t98t 
conditions of Mach number of 0.60 tunnel angle of attack of Oo, and 
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an elevator angle of -50; and a Mach number of 0.50, tunnel angle 
of attack of -lo, and an  elevator angle of +io, reepectively . The 
r a t e s  of change of trim-tab angle w i t h  time are 2.2O and 2.6O por * 

second, respectively. 

Although a constant  indicated  elevator  angle of -5O wae 
maintained during the trfm-tab angle vereus time t es t s ,  the true 
elevator angle varied due t o   t w i e t  in the elevator hinge-mament 
meaeuremenk..-syetem under varying load. Therefare, the actual  
elevator anglee which occurred dur11Q these ;rune are included In 
f igwea 12 t o  14. 

Effect of Mach Number and A n g l e  of Attack 

on  Lower Surface Skin Deflection 

I n  order t o  determine the ex ten t  and approximate magnitude 
of skin deflection on the t a i l  aurfkce, a photographic study of 
the t a i l  eurface under various repreeentative aercdynamic loads 
wae made. 

Figure 15 ehowe a view  of the lower aurface of the horizontal 
t a i l  for no aerodynamfc load.. A canpariaon of ffguree 15 and 16 
ahowe the effect  of aerodynamic load on the lower-surface skin 
deflections for a,-~ = Oo, 8, = -5O, E t  = Oo, and M = 0.60. 
The skin bulges for this configuration are quite pronounced and 
occur acrosa the ent i re   e tabi l lzer .  The difference between the 
internal  preseure.in the stabilizer and free-8tream static  pressure 
is very low, mounting t o  approxfmately 0.033 powd per  square  inch. 
The deflection d the Bkin  muat therefore be at t r ibuted t o  weak- 
1288888 of the skin structure. 

Figure 17 preeents the akin  deflectiona for tunnel angle8 of 
a t tack of Oo and -6O a t  . M = 0.40, 8, E 00, and 8% = Oo. For  the 
zero angle-of-attack  condition (fig. l7(a) ) the load8 on the tail 
are extremely smll and, ae a reeult ,  the akin bulges are of a 
very minor degree.  For the tunnel angle of attack of -6' ( f ig .  '17(b) ) 
where the t a l l  loading i a  high, the skfn  bulging l e  coneiderablo 
and covera the  ent i re  t a l l  eurface. The difference between the 
internal  pressure of the  atabil izer and fiee-stream s t a t i o  pressure 
ie only 0.016 pound per rjquare inch. 

The exce~lsive amount of akin  deflections of the  horizontal 
tail under.lmd may contribute t o  the increase in  drag coefficient 
wi th  Mach number which is shown in  figure 6 .  



CONCLUSIONS 

The following conclusions may be drawn from the  investigation 
described  in this report: 

1. The  hinge-moment parameter ch increased more rapidly 
and the parameter C less rapidly with increasing Mach number than 
would be  predicted by the w e  of Glauert'e factor, CheG increasing 
from -0.0012 to -0 .Wig end C Increasing from -0 .c#)~I- to -0 .oO@ 
between M = 0.20 and 0.68. 

60 
h, 

hge 

2. Both C L ~ ,  m d  C 
L b  

increase with increasring Mach nmber. 
However, the elemitor effectiveness pardmeter acc/aS, decreased 
from 0 3 3 8  at M = 0.20 to o .415 at 14 = 0.68 became CL& increases 
much more rapidly  than CL with increasing Mach number. 

&e 
3 .  The elevator  trim-tab effectivenese parameter C a  Increases 

t 
slightly  with Fncressing Mach number. However, the elevator trim-tab 
effecttvenese pmameter &,/at ~howa a decrease *am 0.434 at 
M E 0 2 0  .t;o 0.353 at M = 0.60 beeawe Ch  increases much more 
rapidly with increasing Mach nwnler tksn does 

80 

* 
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PHYSICAL CEXEWTZRIsTIw OF mNTAL TAIL s(lRBm 
[Symmetrical airfoil sectfern. 10 percent thick] 

Area of stabilizer. S.. square feet . . . . . . . . . . . . . . . . . . . . .  15.17 
Area of elmator. Sf. equaxe feet . . . . . . . . . . . . . . . . . . . . . .  8.56 
Area of e tub wing. %. square feet . . . . . . . . . . . . . . . . . . . . .  1.715 
Area of over-. E+,. Eqrtare  feet . . . . . . . . . . . . . . . . . . . . . .  2.06 
Area of elevator aft of hinge line. 6,. square feet . . . . . . . . . . . . .  6.5 
Area of tab. St. square feet . . . . . . . . . . . . . . . . . . . . . . . .  0-6 
Span of elevator. . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspect ratio. 4.65 

feet 6.67 

Taper ratio. (ctip/croot) . . . . . . . . . . . . . . . . . . . . . . . . . .  0.560 
Elevator hinge-line location. percent of total chord . . . . . . . . . . . . .  '70.3 
T& hinge-line  location. percent of total chord . . . . . . . . .  88.2 st statim 13 
mevator overhang. @,. percent . . . . . . . . . . . . . . . . . . . . . .  3 . 7  
Mean tab uhord. Et. feet . . . . . . . . . . . . . . . . . . . . . . . . . .  0.463 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NATIONAL ADVISORY 
COWITTEE FOR AEWNAIUTKS. 
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Figure 2.- General arrangement of the bodzonhl tall surface. 
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Figure 4. - Variation of the  average test Reynolds number and dynamic 
pressure with test Mach number. 
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Figure 5.- Variation of the aerodynamic characteristics with angle of 
attack, M = 0.2, 9 = 0'. 
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Fig. 6a 
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(a) Angle of attack, a = -3'. 
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M 

Figure 6.- Variation of the  aerodynamic characteristics with Mach 
number for a range of elevator  angles and angles of attack. 
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(b) Angle of attack, a=  -1.5'. 

Figure 6.- Continued. 
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(c) Angle of attack, a = 0'. 

Figure 8.- Continued. 8 
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(d) Angle of attack, a = 1.5' 

Figure 6.- Continued. 
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(f) Angle of attack, 
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Figure 6.- Concluded. 
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Figure 7.- Variation of the lift parameters and eleoator effectiveness 
with Mach number. 
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Figure 8.- Vmiation of the hinge-moment pwameters with 
Mach number. 
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Figure 9.- Variation of the pitching-moment parameters with 
Mach number. 
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(a)' we-moment  coefficient. 
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COMUITTEE Fa AERONAUTICS (b) Lift coefficient. 

Figure 10. - Continued. 
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( c )  Drag coefficient. 

Figure 10. - Continued. 
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(d) Pitching-moment coefficient. 

Figure 10.- Concluded. 
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Figure 12.- Change in trim-tab angle with time. 
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Figme 14.- Change in trim-tab angle with time. a = lo, M = 0.50. T 
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Figure 16.- View of lower surface of the horizontal tail; zero aerodynamic 
load. StabLUeer Pi = 0. 
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Figure 16.- Skin deflections on the lower surface of the horizontal tab. 
aT = Oo, be = -5O, 8t = Oo, M = O.gO0, Stabilizer Pi = 0.012. 
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(a) aT = oO. 

Figure 17.; Skin deflections on the lower Surfme of the horizontal tail. 

6e 
= 0 , 8t =, Oo, M = 0.400, Stabilizer Pi = 0.011. F 
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(b) aT = -6 

Figure 17.- Concluded. 

z 
0 




